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(54) Method for remotely heating a polymeric material to a selected temperature. 

(57) Method for remotely heating a polymeric material to a selected temperature in which particulate 
ferromagnetic material having a Curie temperature corresponding to the selected heating temperature is 
dispersed throughout the polymeric material to form a composite, and microwave energy is applied to 
the resulting composite. Preferably, the particulate ferromagnetic material comprises only about 2 
percent of the total composite by weight. The polymeric material may be compliant, thermosettable 
plastic, and the Curie temperature of the particulate ferromagnetic material dispersed therein may 
advantageously be above the curing temperature of the polymer, such that a beam of microwave energy 
may be used to remotely join surfaces or construct joints in composite structures. 
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This invention generally relates to methods for 
remotely heating polymeric materials to selected tem- 
peratures by the dispersion of particulate ferromagne- 
tic materials throughout the polymers whose Curie 
temperatures correspond to the selected temperat- 
ures of heating and find particular application in the 
remote formation of joints in composite structures, as 
well as in forming plastic materials which are either 
recyclable, or separably heat degradable. 

Thermosettable plastic materials for forming 
mechanical joints or other structures are known in the 
prior art. In their uncured state, such materials may 
resemble either viscous liquids, putty-like solids, or 
even flexible, tape-like materials which may be mani- 
pulated into a desired shape, and then heat-cured to 
form a tough plastic solid that assumes the shape that 
the uncured polymer was last manipulated into. These 
materials find particular application with respect to the 
construction of joints in composite structures, such as 
in the graphite composite frames of state-of-the-art 
aircraft. 

Unfortunately, there are a number of drawbacks 
associated with the use of such thermosettable 
polymers to construct aircraft frames and other struc- 
tures that significantly limits their usefulness. For 
example, at some stages of construction, it is desir- 
able if not absolutely necessary that the heat used to 
thermoset the polymer be applied only locally to the 
specific area of the joint, as the application of such 
heat to the surrounding components may damage or 
degrade them. In such instances, the application of 
heat in the form of infrared radiation must be perfor- 
med very carefully, and with appropriate shielding so 
as not to damage the surrounding components. Still 
other difficulties arise with respect to the inspection of 
the surrounding joints. As joints formed entirely of 
plastics and other composite materials are transpa- 
rent to X-rays, it is not possible to inspect the joint for 
bubbles, cracks, or other quality-degrading discon- 
tinuities with the same kind of X-ray equipment used 
to inspect metallic joints. Finally, both of these 
aforementioned problems become exacerbated when 
it is necessary to perform the repair of a joint formed 
from such thermosettable, polymeric materials since 
the remote and focused application of the energy 
necessary to heat-cure the thermosetting plastic used 
in the repair becomes difficult, if not impossible, as 
does the ability to remotely inspect the repaired joint. 
While these problems might be overcome by the pro- 
vision of polymeric materials that are remotely heat- 
able to selected temperatures corresponding to the 
curing temperatures of the polymers, thus far no such 
polymers have been developed in the prior art 

Still another set of problems which might be sol- 
ved by provision of selectively and remotely heatable 
plastic materials occurs in the area of recyclable and 
degradable plastic materials. Recyclable plastics are 
known in the prior art. Such plastic materials may be 



used as wrapping or packaging materials for food pro- 
ducts and manufactured goods, and then separated 
from other solid waste materials after being discarded 
and finally melted back down into a raw plastic ma- 

5 terial suitable for reuse. However, the lack of a con- 
venient way to separate such reusable plastics after 
they are commingled with other unrecyclable 
polymeric materials and solid wastes has severely 
limited the usefulness of recyclable plastics. And 

w while degradable plastics are known, these plastics 
are likewise not easily separable from other plastic 
materials and solid waste which they may be com- 
mingled with upon disposal. Many known degradable 
plastics further suffer from the disadvantage of being 

15 vulnerable to degradation when such degradation is 
not desirable. Such problems might be solved by the 
provision of polymeric materials that, even when com- 
mingled with other materials, are separately heatable 
to a temperature corresponding to their fusion tem- 

20 peratures so that they might be melted out and sepa- 
rated from other solid wastes. 

Clearly, there is a need for plastic materials which 
are selectively and remotely heatable to a desired 
temperature, and which are further relatively easy to 

25 separate after being commingled with other polymeric 
materials and solid wastes. 

Accordingly, the present invention resides in a 
method for heating a polymeric material to a selected 
temperature by the application of microwave energy 

30 thereto, characterized by the steps of: 

(a) selecting a particulate ferromagnetic material 
whose Curie temperature corresponds to said 
selected temperature; 

(b) dispersing said particulateferro-magneticma- 
35 terial throughout a matrix of said polymeric ma- 
terial to form a composite, and 

(c) applying microwave energy to said composite. 
The particulate ferromagnetic material is prefer- 
ably composed of particles of a spinel ferrite which 

40 comprises between about 0.1 percent and 10 percent 
by weight of the polymeric composite material. Pref- 
erably, the diameter of the particles of ferromagnetic 
material range between about 10 and 1000 Ang- 
stroms, and more preferably within a range between 

45 about 50 and 1 50 Angstroms. 

The polymeric material may be a thermosettable 
polymer, and the Curie temperature of the particulate 
ferromagnetic material may be chosen to be above 
the thermosetting temperature of the polymer, and the 

so source of microwave energy of the system may be 
used to selectively cure the composite into solid form. 
Since the surrounding polymeric materials are unaf- 
fected by microwave radiation, only the ferrite-con- 
taining composite will be heated by the microwave 

55 beam. This particular embodiment of the invention 
finds application as an adhesive. In this embodiment 
of the invention, uncured polymeric composite in a se- 
mi-liquid form may be applied between two surfaces 



r 



^es/red to 5 • • ^ 

So '"at the, "? ff0n,a 9net/ c part ,he Curie tern 
may b * ap p , L? ter,a '' a "d the D °, ^^'"re of 5 

po '^eric m ' han the fusion te£ n y be ch °sen 

mater lals. and then P atetf f 'om the Q L ma * * 
^"cat/on *o 

ro ^9net/c " a ; 0 ^ eric ^ te nJl Ca ' is Versed 

Noetic Zt?'; and »■ Ze'Z 9 ^ *» 
actua «on t em T! ena ' « chosen^ ° f fer- 

0tf,er Po/ymer/c 6 ^^t/caZ/y 1,16 Po 'V»er Js 

a » the of by 

funding m ,nterac **ithto * W " 9 3 Cone 
Wave «nerg yca ^° n ^adrec teb r e Cb f Ve a <*efc, 
" etic Part/c tes a l Cune te ^e ra C^ e ^ulttn 9 45 

c„ (ty . Po/ymenc m a(eria , s '*»c,,n 9 , 50 

**» that * • So,,dkv asfefa. 



r 



EP<I «>«99 4 A2 



source of rn' 

^ *e syste^ofZ if 3 " 011 Which ««* 
F '9" r e 78 and 1c nV,enf/on -- 

wh? c ? netiC ^riaTZT ^ Particu,atefer - 

r 9we2 ^a teS h 

PairlrV 0 bind Cher?" 6 e "*°<to .ay 
the D ° ^cta, PP ° Sin 9 s ^cesof a 

- aSr c e °r onents where,n 

^9ure 2 TT° PfaStiC: ,nClUdes a heat 



^z^r* nofa 

b °wZ^ nSpa *r,t shee! ^ ° f a * 
mater 'a/ haw„* SWP of ""CdT COniPOS,te 

^SSi^ 9mic ma " 

^naveZl *' """In the J, ] mbod/ - 
medfrr, m . Spare "t she^f d9es °f the 

ther «n sochTf 90eHc ™*"a ' ^ have PT- 

F '9ure 3D ,«. a t>eam of 

^ by dWer : f 6p ^ tondh,, ' a P shear 

a haa ^aS7 eric ^PcSe ht C ° mposrte ' 
^ough fa fS" fetation chl , Particles of 

^^75 ?^^^ 9 Part '^s 

the haa ^Ce?d PS 0 °' ated ^ the p^f •* 
•""i urtfaJrf . gradation chJH P rt>cles of 

mat ^ of"he^ y diS(r/but ^ throor^' 1 ^ * 
composite *Z ' SM/ a ^her h eat w 



E p 0 498 998 A2 



Figure 7 is a 1o» d- - • «*• 

method. * cirturfx; 1A 1B, and 1C, 5 

With reference no* ° F s ^ ym eric composrte 
system 1 generally ^ T ^^^W^r- 
aVormed from a polymenc mattnri 5 m ^ g rf 
ticulate ferromagnefc ma £ al ? embodirnent , 
microwave rad.at.on. ' * e p Sate ferromagnetic 10 
th. Curie temperature of the ^arhc desired or 

material 7 is chosen s * mater.at 5 

useful effect upon the matnx o P » e< f tne 
within which t * e f e n d J^ ured thermoplastic, the 
polymeric matenal 5. a ' unc ^ tic material 7 « 
Curie temperature of he ferro 9 
may b e chosen so hat *• ■» ^ ^ 

ture of the matenal 5. SW*J* e appli . 

or ,use the polymenc ^fj^, tempe rature of 
cation of the ^^^^aterial 7 is chosen to 20 
tne particulate ^SoUhtferromagnetic ma- 
be above the melting point « : rt . iculate 

te ria. 5. ,n the P^^T^ particles of 
ferromagnetic matenal " •» se n 5Q to 

spinel ferrites whose ^^Zpera^es range 25 

between 50»C. to 700 C. The P 0.1 to 

tic material 7 ^.°*^^uB„ B polymeric com- 

10 percent by ^J^^tJ^ 1 

posite 3. ^ ^^Zi^can^^ 30 
andZweightpercentof theresu ^g hojce ^ rf ^ 

rites are 

generally the pa™— - - such par . 

various emb^imen* £ ^^^^ limit, 
tides are charactenzed oy a tem _ 
However, any particulate matt* ^nfl ^ 35 
perature that ^^^^0 by microwave radi- 
thatthe particles may be JJ^JJ^. By contrast, 
ation is within the scope o HM ^ ^ ^ 

while many types °<™ e ^* h part icles are not 
by microwave *«££Z£>^- *~* " 

characterized by a Cu '* ^ ed to microwave 
canheatupwithouthm. whe -pos Qf 

radiation. An excellent *° urce duct of the 

spinel ferrites is present m a wa J gs fer . 
wood processing W-J*J uprises « 

magnetic iron 

such fine particulate' 8 (5 £ us solution. Such lig- 
lo idally suspended .n a" aou^ ous s ^ & ^ 

nosulfonate may be obto ne« fro Be|lingnarn , 
Georgia Pacific Corporator^ ^^.on so 
Washington. Whi.e the source of m «*o ^ from 

9 may emit «*^,5^io« MHz, micro- 
an ywhere between ^.^[^ the frequency range are 
waves in the upper sector o he fr Q ^ ^ 
nreferred due to the fact that th y are^ ^ ^ M 



to heat the ™™™** 2C one embodiment 

Figures 2A, 2B ana ^ together 
wbich may be us^ com _ 

opposing surfaces 15a ^ ° ^ tne po | y meric pro- 
ponents i7..b. F « t ^^;V-«««»H ,to 

terial 5 used ^^e^o heat. Exam- 
polymer that hardens wrier , exp jes 

polyesters. P-^'S^SU, phenolic*, alkyds, 

^ such ther- 

amino res.ns, an * permanently hardens 
mosetting plastic matenal tna P ternpera ture 
or -sets" when heated above a se |p the 

a pplicat.on of the .nvenu ferr0 magnetic 
2B and 2C a ^^Xhe thermosetting plas- 
materials7 is ' nte ™^*_ atena i 5 in order to form 

tic thatforms the Tnis composite 3 is 

aputty-likepolymercomposite^Tn 

applied between J^J, 5 ^e 2B. the 

together. Then. - » *mWba exposed to a ooffl- 
polymeric composite 3 may o v ^ ref . 

maled beam 13 of m.cnowav^ ^ J Such 
le ctor11ofmesou^fm^ 

a beam 13 may be easily ar i dispose d 

behind a panel 17c. so .0 9 ^ ^ absorption of 
. parent to microwave rad.abc ^n^ After 
L beam 13 of microwave energy by P 3 

ferromagnetic matenal J ^ yp t£) the 

causes the P^^ ^"magnetic material 7 and 
Curie temperature oftheferron^ g 

to permanent* *^»^ ^^o structural compo- 
^ted in Fig- 2. The 
nents 17a.b. as is ^crowaves from the 

directabiHty of the beam 1 ^ of ^ ^ ^ ^ these 
microwave source 9. coup. ^ non _ 

microwaves eas.ly P^^'eat utility of this par- 
metallic <*^ n *^Zn \ " bating joints 
ticular embodiment of ^£*™^ cbl res (such as 
or in repairing joints m being manufac- 

ture new graphite ^J^lJ***** 

crea ted ^JJ.^S. structure being built 
large porUons of the comp sele ctively and 

and further allows such heat f ° D Me 
remotely applied to P^^^S. to the micro- 

embodiment of the inventor, wh^h may b ^ ^ 
— ^.T. !S£ tha 9 t is substan- 



EP 0 498 398 A2 



form of a pliant tape or strip 20 that is formed from an 
uncured, thermosetting plastic that has been mixed 
with particulate ferromagnetic material 7 in the propor- 
tions previously described. This tape or strip form 20 
of the uncured polymeric material 5 advantageously 5 
includes adhesive layers 21 a, b on either or both its 
upper and lower sides so that it may conveniently be 
affixed into a proper position between the overlapping 
sheets 18,19 prior to the bonding operation. After the 
tape or strip 20 has been affixed by the adhesive 10 
layers 21a,b in the position illustrated in Figure 3A, a 
roller 23 preferably formed from a microwave-transpa- 
rent material and supported by side bearings 24a,b is 
applied over the overlapping portions of the upper and 
lower sheets 18, 19 in order to join the same. The roller 15 
23 includes a microwave source 25 that directs a 
beam of microwave energy which is sufficient in mag- 
nitude to bring the particulate ferromagnetic material 
7 up to its Curie temperature (which is chosen to be 
above the thermosetting temperature of the polymeric 20 
material 5 used in the composite 3), which in turn 
causes the composite 3 to harden and to join the 
upper and lower sheets 18,19. 

Figure 3B illustrates a variation of the embodi- 
ment of the invention illustrated in Figure 3A t the only 25 
difference being that the polymeric composite 3 is for- 
med from a putty-like thermosetting plastic that has 
been impregnated with a particulate ferromagnetic 
material 7, instead of a thermosetting material 5 
which, in its uncured state, forms a pliant tape or strip 30 
20. In the variation of the invention illustrated in Figure 
3B, it is envisioned that the uncured composite 3 
might be applied by means of a caulking gun in much 
the same way that caulking is applied around the win- 
dows and rain gutters of modern homes and buildings. 35 

Figure 3C illustrates still another variation of the 
invention which may advantageously be used in con- 
junction with the roller device illustrated in Figure 3A 
to form a joint between the overlapping edges of an 
upper and lower 18,19 sheet of microwave transpa- 40 
rent sheet material. However, in this particular vari- 
ation of the invention, the sheets 18,19 are formed 
from fusible thermoplastics which, when melted, are 
capable of hardening into a permanent joint. In this 
particular variation of the invention, only an edge por- 45 
tion 27 of each of the sheets 1 8, 1 9 is impregnated with 
a particulate ferromagnetic material 7 whose Curie 
temperature is higher than the temperature of fusion 
of the thermoplastic material from which the upper 
and lower sheets 18,19 areformed. The edge portions so 
27 of the sheets 18,19 are overlapped as is illustrated 
in Figure 3C, and the roller device 23 illustrated in Fig- 
ure 3A is used to fuse a joint between the two sheets 
18,19. In this variation of the invention, it should be 
noted that the provision of the particulate ferromag ne- 55 
tic material 7 in only the edge portions 27 obviates the 
need for the operator to carefully direct the beam of 
microwaves from the microwave source 25, as the 



portions of the sheets 18,19 which are devoid of the 
particulate ferromagnetic material 7 wril not be heated 
by the accidental application of such microwaves. 

Figure 3D illustrates how the lap shear strength 
of an e poxy-based polymeric composite is affected by 
different concentrations of ferrite particles. The data 
on this graph surprisingly illustrates that the lap 
strength of an epoxy-based composite can actually 
increase with a ferrite content of up to 0.66 weight per- 
cent. Such a weight percentage of ferrite particles is 
ample to effect the heat-curing of the composite, and 
to allow for an eddy current probe inspection of the 
cured epoxy bond. 

The invention may also be advantageously used 
to create recyclable plastic composites. Such a 
recyclable composite may be formed from a thermop- 
lastic (such as a polyolefin, polyester, liquid crystal 
polymer, polyoxy methylene, acrylic, fluoropolymer, 
or polyamide) into which ferromagnetic particles hav- 
ing a Curie temperature higher than the fusion point 
of the surrounding thermoplastic material are 
admixed. An example of such a recyclable composite 
material might be a mixture of polyvinyl chloride, and 
about 2 percent by weight spinel ferrite particles 
whose Curie temperature is equal to or greater than 
the fusion point of the surrounding polyvinyl chloride 
matrix. As will be described in more detail hereinafter, 
the presence of the particulate ferromagnetic material 
in the polyvinyl chloride allows the resulting "tagged" 
composite material to be magnetically separated from 
other plastics in which it may be commingled with (say 
for example, at a solid waste facility), and then melted 
down for reuse by the application of a beam of micro- 
wave energy. 

Figure 4 illustrates an embodiment which may be 
advantageously used to create a selectively degrad- 
able plastic composite 30. Such a composite 30 may 
be formed from a polymeric material 5 into which both 
a particulate ferromagnetic material 7 and particles of 
a heat actuated degradation chemical 32 have been 
admixed. The degradation chemical 32 is chosen so 
that it structurally degrades and destroys the sur- 
rounding matrix polymeric material 5 when it is 
actuated, and the Curie temperature of the particulate 
ferromagnetic material 7 is chosen to be equal to or 
greater than the triggering temperature of the heat 
actuated degradation chemical 32. Such a heat deg- 
radable composite 30 may be made from common 
polyvinyl chloride, into which between 1 and 2 weight 
percent of spinel ferrite particles had been uniformly 
dispersed, along with small droplets 32 of an organic 
peroxide such as benzoyl peroxide. In the preferred 
embodiment, the benzoyl peroxide should constitute 
between 1 and 5 weight percent of the polyvinyl 
chloride material 5, and the Curie temperature of the 
spinel ferrite admixed into the polyvinyl chloride 5 
should be about 100°C. When such a composite 30 
is exposed to a dose of microwave energy which 
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creates localized temperatures within the structure of 
the composite approaching the Curie temperature of 
the spinel ferrites 7, the benzoyl peroxide droplets 32 
will release elemental oxygen, which will oxidize and 
break the polymeric chains of polyvinyl chloride at 5 
numerous situses within the composite 30. In a short 
time after exposure to such microwave radiation, such 
a composite 30 will, upon the application of small 
amounts of mechanical pressure, crumble into numer- 
ous small particles suitable for use as a compost. w 

Figure 5 illustrates an alternate embodiment of a 
heat degradable composite 30 formed in accordance 
with the system and method of the invention. In this 
embodiment, the benzoyl peroxide 32 and particulate 
ferromagnetic material 7 are thoroughly admixed 15 
together before being introduced into the matrix of 
polyvinyl chloride. Hence, when the mixture of ben- 
zoyl peroxide and particulate ferromagnetic material 
7 is uniformly dispersed throughout the polyvinyl 
chloride 5, almost all of the droplets of benzoyl 20 
peroxide contains within it one or more particles of 
spinel ferrite. This particular embodiment of the 
method and system of the invention has the advan- 
tage of applying the heat generated by the particles of 
spinel ferrite directly on the interface between the 25 
droplets of benzoyl peroxide 32, and the surrounding 
matrix of polyvinyl chloride 5. Hence, less microwave 
energy is required to trigger the degradation process 
in the composite 30 illustrated in Figure 5. 

Figure 6 illustrates still another embodiment of a 30 
heat degradable composite 30, wherein small drop- 
lets of benzoyl peroxide 32 and particulate ferromag- 
netic materials 7 are encapsulated within a thin skin 
33 of a plastic material that is relatively immune to 
degradation from benzoyl peroxide, such as polytet- 35 
rafluoroethylene. Here, the Curie point of the spinel 
ferrites captures within the thin encapsulating skin 33 
of inert plastic is chosen to be above the boiling point 
of benzoyl peroxide, which is approximately 105°C, 
so that when the composite 30 shown in Figure 6 is 40 
exposed to microwave radiation, the benzoyl peroxide 
partially vaporizes and bursts the thin skin 33 of 
polytetrafluoroethylene containing it. Once this skin 
33 is burst the oxygen released from the benzoyl 
peroxide proceeds to destroy the integrity of the sur- 45 
rounding PVC in the same fashion as previously des- 
cribed. While the degradable composite 30 illustrated 
in Figure 6 is more difficult to manufacture and 
requires more microwave energy to degrade, the 
resulting composite material is also more stable under so 
a broader range of conditions (such as exposure to 
intense sun light or to incidental heat). 

With reference now to Figure 7, the invention also 
encompasses a plastic recycling method 35 that 
utilizes a polymeric composite 3 formed from a ther- 55 
moplastic polymer material 5 into which particulate 
ferromagnetic material has been admixed whose 
Curie temperature is higher than the fusion tempera- 



ture of the polymeric material 5. 

In the initial steps of this recycling method 35, a 
thermoplastic polymer (such as the aforementioned 
polyvinyl chloride) is mixed with between 0.5 and 10 
percent by weight particles of spinel ferrite to form a 
tagged polymer composite as is indicated in step 37. 
At this juncture in the method, the specific microwave 
absorptive characteristics of the ferrite particles inter- 
mixed within the polymer are noted, so that the source 
of the particular tagged polymer composite might be 
identified at a latertime. After the composite has been 
formed and the specific characteristics of the ferrite 
particles within have been recorded for such identifi- 
cation purposes, the composite is then applied to a 
practical use, such as packaging as is indicated in 
step 39. Ultimately, as is indicated in step 41, this 
packaging is discarded as waste which is commingled 
with other solid waste as is indicated in step 43. The 
commingled solid waste is then ultimately delivered to 
a solid waste processing facility (not shown). This 
method of the invention requires the facility to have a 
magnetic sorting device comprising a bank of mag- 
nets (not shown) which are capable of generating 
localized magnetic fields which are intense enough to 
sort the tagged polymer composite away from the 
other polymers in the commingled solid waste which 
do not contain any ferrite particles, as is indicated in 
method step 45. The non-magnetic polymeric mate- 
rials are then removed from the tagged polymer com- 
posite and then either dumped, or incinerated and 
then dumped at a designated site at the solid waste 
facility as is indicated by method steps 47-50. 

By contrast, the separated, tagged polymer com- 
posite is then conveyed to a bank of microwave 
radiators as indicated by method steps 51 and 53, and 
then exposed to a sufficient amount of microwave 
energy to cause the ferrite particles in the composite 
to heat it to a temperature of over the fusion point of 
the polymer forming the composite matrix. The melted 
composite is then recovered for reuse, as is indicated 
by method steps 53-57. 

If tagged polymer composites having higher and 
lower melting points are commingled along with the 
solid waste in step 53. and are then sorted out from 
the non-magnetic waste consistent with method step 
45. the composites exposed to the beams of micro- 
wave in method step 53 will have different melting 
points. In such a situation, sufficient microwave heat- 
ing is applied to first completely melt the lower tem- 
perature melting polymer so that this polymer may be 
collected for reuse (as is indicated in method steps 55 
and 57). Subsequently, sufficient microwave energy 
is applied to the composite having the higher melting 
point so that this composite may be melted for reuse, 
as is indicated by method steps 59 and 61. Since dif- 
ferent polymers are usually characterized by differing 
melting points, and because spinel ferrites can be 
selected so that the Curie points associated with 
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these ferrites are equal to or greater than the melting 
points of their host polymer materials, microwave 
heating step 52 may be used to effectively "distill" vari- 
ous melting polymer composites from one another by 
incrementally scaling up the amount of power radiated 
by the bank of microwave radiators located in the solid 
waste facility so that one type of polymeric composite 
is completely melted away and collected for reuse bef- 
ore the next type of polymeric composite is then mel- 
ted. 

Figure 8 illustrates a plastic degradation method 
65 that is within the scope of the instant invention. In 
this method, a polymer such as polyvinyl chloride is 
mixed with not only ferrite particles 7, but one of the 
previously described heat actuated degradation 
chemicals 32 to form a tagged polymer composite as 
is shown in step 37. As was the case with the plastic 
recycling method 35, the specific characteristics of 
the spinel ferrites incorporated within the polymer are 
recorded at this juncture so that the identity of the 
source of the composite might be known. The result- 
ing heat degradable composite is used, discarded and 
sorted as is indicated in method steps 39 through 51 
in the same fashion as the recyclable plastics discus- 
sed with reference to the recycling method 35. Finally, 
the degradable composite 30 is exposed to micro- 
wave radiation from the bank of microwave radiators 
present in the solid waste facility as is indicated in 
method step 69 in order to trigger the degradation 
chemical impregnated within the composite. This in 
turn destroys the structural integrity of the composite 
causing it to crumble into a particulate mass which in 
turn is buried as a compost in method step 71 . 



Claims 

1. A method for heating a polymeric material to a 
selected temperature by the application of micro- 
wave energy thereto, characterized by the steps 
of: 

(a) selecting a particulate ferromagnetic ma- 
terial whose Curie temperature corresponds 
to said selected temperature; 

(b) dispersing said particulate ferro-magnetic 
material throughout a matrix of said polymeric 
material to form a composite, and 

(c) applying microwave energy to said compo- 
site. 

2. A method according to claim 1 , characterized in 
that the polymeric material is a heat-curable 
polymer, and the Curie temperature of the fer- 
romagnetic material is higher than the curing tem- 
perature of said polymer such that the composite 
is cured when the microwave energy is applied 
thereto. 
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A method according to claim 2, characterized by 
placing the composite between two surfaces to 
be joined, and focussing the microwave energy 
onto said composite to cure the latter and join said 
surfaces. 

A method according to claim 1, characterized in 
that the Curie temperature of the ferromagnetic 
material is higher than the melting point of the 
polymeric material such that the composite melts 
when microwave energy is applied thereto. 



5. A method according to claim 4, characterized in 
that the particulate ferromagnetic material is dis- 
15 persed only within selected portions of the 

polymeric material such that only said selected 
portions melt when the composite is exposed to 
microwave energy. 

20 6. A method according to claim 4, characterized by 
placing the composite between two surfaces to 
be joined, and applying the microwave energy to 
melt said composite and joins said surfaces. 

25 7. A method according to claim 1 , characterized by 
dispersing a heat-actuated degradation chemical 
throughout the composite, the Curie temperature 
of the particulate ferromagnetic material being 
above the temperature required to actuate said 

30 degradation chemical. 

8. A method according to claim 7, characterized in 
that the heat-actuated degradation chemical is 
encapsulated in microspheres of a material inert 
35 to the degradation action of said chemical and the 

Curie temperature of the particulate ferromagne- 
tic material is above the temperature required to 
cause the walls of said microspheres to open. 

40 9. A method according to claim 1 , characterized by 
encoding the composite by identifying and 
recording distinctive electromagnetic character- 
istics of the ferromagnetic particulate material 
distributed through the polymeric material when 

45 forming the composite. 

10. A method according to claim 9, characterized by 
electromagnetically locating the composite within 
polymeric materials commingled therewith, and 

so separating said composite from said commingled 

materials. 

11. A method according to claim 10, charact rizedby 
magnetically separating the composite from the 

55 commingled materials. 

12. A method according to claim 10, characterized in 
that the Curie temperature of the ferromagnetic 
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material is higher than the melting point of the 20. A method according to claim 19, characteriz d in 

polymeric material, the composite being sepa- that the particles are of spinel ferrite. 

rated from the commingled polymeric materials 
by applying sufficient microwave energy to liquefy 
said composite. 5 

13. A method according to claim 10, characterized by 
further dispersing a heat-actuated degradation 
chemical throughout the composite, the Curie 
temperature of the particulate ferromagnetic ma- 10 
terial being above the temperature required to 
actuate said degradation chemical, and separat- 
ing the composite from the commingled materials 

by applying sufficient microwave energy to disin- 
tegrate said composite. 75 

14. A method according to claim 10, characterized in 
that the commingled polymeric materials are 
composites containing particulate ferromagnetic 
material having different Curie temperatures, 20 
each Curie temperature being lower than the 
melting point of the polymeric material distributed 
within. 

1 5. A method according to claim 14, characterized by 25 
applying sufficient microwave energy to the com- 
mingled composites to heat all to their respective 
Curie temperatures except the composite con- 
taining the ferromagnetic material having the 
highest Curie temperature, and then magnetically 30 
separating said latter composite. 

16. A method according to claim 1, characterized by , 

uniformly distributing finely divided particles of 

the ferromagnetic material throughout the 35 
polymeric material and, after step (c), moving in 
the vicinity of the composite a probe emanating 
an electromagnetic field until said field detectably 
interacts with said composite. 

40 

17. A method according to claim 16, characterized in 
that the finely divided particles of ferromagnetic 
material are colloidally suspended in aqueous 
solution and are intermixed with a thermosetting 
polymeric material in liquid or putty-like form. 45 

18. A method according to any of the preceding 
claims, characterized in that the particulate f r- 
romagnetic material comprises from 0.1 to 10% 

by weight, preferably from 1 to 5% by weight, of so 
the composite. 

19. A method according to any of the preceding 
claims, characterized in that the diameter of the 
particles of ferromagnetic material is from 10 to 55 
1000 Angstroms and the Curie temperature of 
said material is from 50°C to 700°C. 
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